We have treated 94 patients with chronic instability of the lateral side of the ankle by reconstruction of the ligaments with local periosteal tissue. We reviewed 90 cases after a mean follow-up of 2.8 years (2 to 9) using a questionnaire, clinical examination and radiography.
Supination injuries of the ankle are common and may lead to chronic lateral ligament instability giving functional impairment, repetitive cartilage damage and subsequent degenerative joint disease 1,2 with chronic synovitis. 3 Many techniques have been described for reconstruction of the lateral ankle ligaments. Tenodesis using the peroneus brevis or longus tendon was introduced by Nilsonne in 1932, 4 followed by Watson-Jones 5 and Evans. 6 Several modifications have been described, but these all weaken the peroneal muscles and do not achieve an anatomical reconstruction. Replacement of the ruptured ligaments has been described using periosteum, 7 fascia lata, 8 cutis, 9 tendon grafts, 10 lyophilised dura, 11 and carbon-fibre implants. 12, 13 These procedures attempt a more anatomical reconstruction, but carbon fibre may lead to a foreign-body reaction. Lyophilised dura, cutis and fascia lata require tissue preservation or a second incision at the donor site, as do tendon grafts. We have used periosteum from the fibula to reconstruct the lateral ligaments, and now report the results in 90 patients followed up for two to nine years.
PATIENTS AND METHODS
There were 31 patients from the Orthopaedic Department of Ludwig-Maximilians-University, Munich, Germany and 63 from the Orthopaedic Department of the Hannover Medical School, Germany. Their mean age was 26.6 years (15 to 50). The initial injury had occurred during sport in two-thirds of the patients. The mean time between injury and the onset of treatment was 4.25 years (3 months to 19 years). All the patients had recurrent lateral instability of the ankle. They had been treated by orthotic devices, muscle-strengthening exercises and tilt-board training for improvement of proprioception for at least three months, and all had considerable problems at sport or during ordinary, daily activities.
All patients had anteroposterior stress radiographs and most also had lateral views with anterior displacement of the talus. Stress films of the unaffected side were available for 50% of the patients. The mean talar tilt before operation was 14.3 ± 6.8°, and the mean anterior drawer was 9.7 ± 3.1 mm. The degree of degenerative arthritis as seen on the radiographs was assessed according to Bargon 14 as follows:
stage 0, no radiological changes; stage I, early osteophytes; stage II, increased bone density adjacent to the joint and osteophytes; and stage III, narrowing of the joint space, subchondral sclerosis and cyst formation. Other observations before operation were not recorded in a way which allowed reliable evaluation. Increased general ligamentous laxity was present in approximately 9% of the patients. At operation, both the anterior talofibular and the calcaneofibular ligaments were affected in 77%, the anterior talofibular alone in 17% and the calcaneofibular ligament alone in 4%. A plaster splint was used until the wound had healed, followed by a light plastic orthosis (MHH-Knö-chelschiene, Berkemann, Hamburg, Germany) for six weeks. This prevented inversion of the hindfoot and limited ankle movement, but allowed full weight-bearing in a normal shoe. After removal of the cast, rehabilitation exercises were begun, using feedback conditioning and strengthening of the peroneal muscles. The complications were four superficial wound infections, two small areas of skin necrosis, and one neuroma.
Ninety of the 94 patients (96%) were reviewed after a mean follow-up of 2.8 years (2 to 9) using a questionnaire, clinical examination with evaluation of talar tilt and anterior drawer signs, and stress radiographs in two planes. The clinical results were assessed using a 100-point score (Table I ) and graded as excellent (91 to 100), good (71 to 90), fair (51 to 70) or poor (<50 points).
Operative technique. 15, 16 The skin incision is anterior to the distal fibula and curves posteriorly at the lateral malleolus. The integrity of the superficial nerves is carefully preserved (Fig. 1) . Two periosteal flaps from the fibula, approximately 10 cm ‫ן‬ 5 mm, are elevated from proximal to distal ( (2) Often (0) Swelling None (4) Only after strenuous activity (3) After long walks (1) Often (0) Apprehension of instability None (6) Low (4) Strong (0) Supination events None (6) Seldom (4) Often on uneven ground (1) Often (0) Change in sports activities None (9) Change of strenuous sports (6) Change of light sports (2) No sports possible (0)
Total 35 points

Objective clinical findings
Tenderness on pressure None (4) Mild ( Anterior drawer Same on both sides (7) Slightly more than non-operated side (5) Severe (0) Lateral talar tilt Same on both sides (7) Slightly more than non-operated side (5) Severe (0) One-leg stand No side difference (3) Less secure (1) Markedly less secure (0)
Calf circumference Normal (2) Less than unaffected side <3 cm (1) Less than unaffected side >3 cm (0)
Radiological findings
Lateral instability <5° (10) >5° to 8° (6) >8° to 11° (2) >11° (0) Anterior instability <5 mm ( The periosteal flaps are approximately 10 to 12 cm in length and 5 to 7 mm in width.
( Fig. 3) . The site of the distal insertion of the calcaneofibular ligament is exposed distal to the sheath of the peroneal tendons and a square piece of cortical bone, 10 ‫ן‬ 10 mm, is removed. The capsule of the ankle is then incised in the line of the anterior talofibular ligament, the site of its insertion exposed, and a small cortical bone block is removed. The dorsal periosteal flap is then directed deep to the peroneal tendons and pushed under tension into the bony bed at the site of insertion of the calcaneofibular ligament, with the foot in slight equinus. The bone fragment is then replaced and fixed by a staple or a small fragment screw (Figs 4 and 5) . For fixation of the anterior periosteal flap, the foot is returned to the neutral position with the hindfoot in valgus at the subtalar joint. The flap is placed under tension in the prepared bed and the bone fragments are fixed in a similar fashion.
After operation a plaster splint is applied with the ankle and the foot in a neutral position. When swelling has settled a plastic orthosis is supplied and used with full weightbearing for six weeks. Peroneal strengthening and reflex conditioning exercises are then undertaken, but sport is not resumed for three months. Removal of the internal fixation is usually not necessary.
RESULTS
As judged by the 100-point score, the results were good to excellent in 81% of the 90 patients, fair in 17% and poor in 2% (Table II) . Clinical examination showed an anterior drawer test equal to or less than the unaffected side in 62%, a slightly increased anterior drawer in 21% and a significantly increased drawer test in 16%. The overall range of movement in the operated ankle was normal in 51%, reduced by up to 10° in 44% and reduced by more than 10°i n 5%. Movement in the subtalar joint of the operated ankle was normal in 93%. Stress radiographs showed a mean anterior drawer of 7.0 ± 1.8 mm and a mean talar tilt of 4.8 ± 3.8°. The degree of degenerative arthritis seen on the radiographs after operation and some clinical results are summarised in Table II . Pain was never experienced in 51%, 33% complained of pain after strenuous activities, 8% during daily activities and 10% had pain at the scar in cold or damp weather. A full return to the level of sport before injury was seen in 73 patients (82%), 14 had minor restrictions, two had marked reduction of sports activities, and only one could undertake no sport.
DISCUSSION
Between 20% and 40% of acute tears of ankle ligaments may result in chronic instability, 17, 18 but almost 50% of these patients will respond well to physiotherapy 19 or to proprioceptive training. If conservative measures do not succeed and recurrent painful sprains reduce the patient's activities, operative treatment should be considered, the indications for which should be based more on symptoms and physical examination than on stress radiographs. Operation may involve either tenodesis or reconstruction of the ligament. A variety of procedures has been described. The peroneus brevis tendon or, less often, the peroneus longus tendon are used for tenodesis, and the results are excellent or good in 80% to 90% of patients. 18 In the Evans A decrease in inversion of up to 30% has been measured. 23, 24 The Watson-Jones tenodesis completely sacrifices the peroneus brevis tendon, and the new calcaneofibular ligament is placed almost perpendicular to the original direction of the ligament. 25, 26 The procedure is technically difficult and subsequent degenerative arthritis and a decrease in supination and dorsiflexion have been described, 27, 28 with disappointing long-term results.
29
The Chrisman-Snook procedure reconstructs the anterior talofibular and the calcaneofibular ligaments using only half of the peroneus brevis tendon. 26 Good short-and longterm results have been reported, but restriction of inversion, a decrease in the power of eversion and damage to the sural nerve are said to be common. 27, 30, 31 A disadvantage of all methods of tenodesis is the weakening of the peroneal muscles. According to Inman 32 most of these procedures work in a non-physiological plane at a right angle to the axis of movement of the subtalar joint. There may be bridging of the midfoot joints and restriction of midfoot and subtalar movement. Ligament-substitution techniques do not sacrifice the peroneal tendons, and therefore do not deprive the foot of one of its strongest pronators. Many different materials have been used to replace or augment the torn ligaments.
Anatomical reconstruction using local tissue such as a periosteal flap 15, 33 15 We have found that subcortical fixation of the flaps yields sufficient initial stability and appears to promote ingrowth of the periosteal tissue. The flaps are led through drill holes in the direction of the original ligaments, to avoid avulsion of the flaps at the distal fibula. The periosteum must be prepared carefully: its initial strength is low. The periosteal tissue serves as a template for the formation of fibroblastic and scar tissue, and histological evaluation of the periosteal tissue has shown that it transforms into ligament. 38 The donor site recovers rapidly. 37 The only notable complications described for the procedure have been superficial wound infections and one case of tarsal tunnel syndrome. 39 This technique should not be used during adolescence because of the risk of bony transformation of the periosteal tissue; 33 this does not occur in adults. Good short-term results with the periosteal flap technique have been reported by a number of authors (Table  III) . Ahlgren and Larsson 27 proposed a subperiosteal release at the lateral malleolus, including the insertions of the anterior talofibular and the calcaneofibular ligaments. The released flap was reattached to the malleolus more proximally. In 78 patients, subjective results were excellent or good in 95%, with a mean follow-up of two years. This technique, however, requires immobilisation in a cast for six weeks after operation. 40 Karlsson et al described a procedure with transection and reefing of the anterior talofibular and calcaneofibular ligaments. Six years after operation the functional results were excellent or good in 86% of 148 patients. This operation requires precise identification of the torn and often scarred ligaments, which may not always be possible long after the initial injury.
Comparison of reported results is difficult because of the different methods of evaluation. Most of the follow-up studies in the literature use mainly subjective scores 41 which take into account the functional stability, level of activity, pain and swelling. The 100-point score used in our study gives a more realistic and comprehensive evaluation of the outcome. 30 2 yr 73 * all patients were satisfied with the operation, 88% were subjectively stable No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article.
